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that there are important differences between
virus-induced leukaemia in different species,
and this must be taken into account in elucidat-
ing the causal factors of lymphomas and leu-
kaemias in man. Retraviruses, including the
leukaemia viruses, can replicate in cells in cul-
ture, but do not transform them. In the living
animal, integrated leukaemia virus may remain
latent (i.e. may give rise to no detectable pro-
ducts) throughout life although, as noted
above, it may be activated by administration of
carcinogens or x-rays. In man, such latent pro-
viruses, if present, would be extremely difficult
to detect, although the development of leukae-
mias in people exposed to heavy doses of ionis-
ing radiations could be explained by activation
of an endogenous leukaemia virus. Antibodies
to leukaemia viruses are very commonly pre-
sent in human serum, and C-type virus par-
ticles have been observed in some cultures of
human leukaemic cells, while nucleic-acid hyb-
ridisation techniques have revealed the presence
of apparent leukaemia proviruses in such cells.
There is thus some preliminary evidence that,
as in a number of animal species, certain forms
of leukaemia in man may be due to retra-
viruses. Indeed, in view of the demonstration
that retraviruses cause leukaemia in several
species, and that feline leukaemia vims can in-
duce a variety of lymphomas closely resembling
most of those observed in man, it would be
surprising if leukaemia viruses were not the
cause of some types of human lymphomas.

A major difficulty in the detection of onco-
genic viruses in human lymphomas and leuk-
aemias is the lack of a specific 'probe' for the
provirus. The base sequences in feline and
bovine leukaemia viruses show considerable
differences, so that bovine leukaemia provirus
cannot readily be detected by nucleic acid
hybridisation with a probe prepared from fel-
ine leukaemia virus RNA. Accordingly, while
leukaemia viruses are likely to be involved in
human tumours, the detection of provirus
requires the preparation of RNA from rep-
licating virus, and this has not yet been
accomplished. It must also be emphasised that,
in feline and bovine leukaemia, the causal
virus can be detected in only about 50% of tum-
ours, although from epidemiological studies it is
very likely that the 'virus-negative' tumours
aie caused by leukaemia viruses.

mammary tumour virus is responsible

for breast cancer in mice. It is of interest for
three reasons. Firstly, it accounts for a cancer
which originally appeared to be determined
genetically. Secondly, the virus causes tumours
particularly in female mice, and requires oes-
trogen stimulation of the target epithelial cells.
Thirdly, there is some evidence that a similar
virus may be involved in human breast cancer.
By selective breeding, strains of mice were esta-
blished in which virtually all the females de-
veloped breast cancer late in life, and other
strains in which this tumour was rare. This
looked like a genetic effect until it was found
by Bittner that female neonates of a low-cancer
strain suckled by foster mothers of a high-
cancer strain frequently developed breast
cancer. By contrast, high-cancer strain off-
spring suckled on low-cancer foster mothers
did not develop cancer (Fig. 11.10). Thus the
carcinogenic influence was transmitted by the
milk in the post-natal period and not by germ
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Fig. 11.10   Discovery of the Bittner milk factor. The

incidence of breast cancer was high in the daughters
of 'high-cancer' strain mothers (A), but low in the
daughters of *high-cancer' strain fathers (B). The
strain of female on which neonates were suckled (C
and D) was then found to determine the incidence of
cancer, showing the importance of a milk factor,
since shown to be a virus. Oophorectomy* reduces
the incidence of breast cancer in virus-infected
females, and oestrogen** increases the incidence in
virus-infected males.